This paper compares and contrasts the growth experience of India with that of China. Chinese economy has grown at much faster rate than Indian, but India seems to be catching up. The average estimated productivity growth rate of China (5.9%) is more than double that of India (2.4%). The difference between same-deflator average growth rates of India and China reduces significantly (by as much as 70%) for manufacturing sector.
Introduction
One of the most noticeable and interesting economic events of last few years is impressive GDP growth rates of Indian and Chinese economies. Even though they followed different economic policies, those resulted in sustained high GDP growth rates.
Using constructed growth accounting data set for China 1 , I compare the economic growth of Chinese economy with that of Indian economy. I consider the period between 1978 and 2004, since capital formation series for China is not available for earlier periods. I discuss the similarities and differences in the trends in growth rates of India and China. Bosworth and Collins (2007) [?] do a similar exercise, but they concentrate on the contribution of factor accumulation and productivity in the growth. Their methodology is similar to mine, but they interpret the result by focusing more on the growth rate for each year. The problem with this kind of interpretation is that these estimates are very sensitive to measurement issues. Some of the input series used are generated from less frequent surveys by assuming values for in-between years. If we make assumption that factor accumulation varies say linearly, then the TFP estimates we get for those years are inaccurate and non-robust to the assumptions. Rather than interpreting the values, I concentrate on trends in input growth rates, output growth rates and growth rates of the residuals. I decompose the series into trend and non-smoothed part based on Hodrick and Prescott (1997) [?] .
Another argument in favor of using trends-comparison rather than periodwise averages (another interpretation stressed in Bosworth and Collins (2007) [?]) is that results in later approach are sensitive to choice of sub-periods. This becomes more controversial in international comparison studies because putting high growth year into a particular sub-period changes the results drastically (average growth rate difference might even change the sign). While there are some objections about using HP-filter for developing countries, it is one of the most used smoothing techniques.
Chinese economy has grown at much faster rate than Indian, but India seems to be catching up. Even though the average estimated productivity growth rate of China (5.9%) is more than double that of India (2.4%), the differnce is shrinking. Indian productivity growth rate has been increasing while Chinese rate has remained constant.
There is huge difference in official (implicit) deflator series for India and China. In manufacturing sector, Chinese deflator inflation averages around -1% between 1997-2002 compared to Indian average of 4.5%. I compare the estimated growth rates using the same deflator for both economies and generate two non-observed series. The difference between same-deflator average growth rates of India and China reduces significantly (by as much as 70%) for manufacturing sector compared to difference in official growth rates.
Capital Accumulation and Output Growth Comparison
The GDP data for Chinese economy is available only in current values along with an index series. There seems to be some argument about the deflator used to generate the index series. Maddison (1998) [?] reduces the Chinese GDP growth by an average of 2.4% per year for the 1952-1995 period. Holz (2006) [?] criticizes this revision citing various problems (including the use of incorrect deflator). I use the Official GDP Index for my calculations. I compare the growth rates of this series with the growth rates of Penn-World Table estimates of China's real GDP. I also calculate growth rates of GDP deflated by retail price index. Appendix ?? mentions how these series are generated. Figure 1 shows the growth rates of Chinese GDP using different deflators. For the period under study , the official and PWT growth rates are almost same, both averaging 9.6% per year.
2 . However for the sub-period 2000-2004, the official GDP index grew at 9.2% compared to 8.4% average annual growth rate of the PWT series. Using retail price index as GDP deflator gives higher growth rates, averaging 10.2% between 1978-2004 and 12.5% for subperiod 2000-2004. Indian and Chinese economies grew at different rates between 1978-2004. I plot the distribution of these growth rates and their period wise averages in figure 2 .
Panel A and B show the difference in the growth rates distribution. China's GDP per worker growth has averaged around 7% (annual growth rate was 9% for 6 times) while for India the average GDP per worker growth rate is 3% (with maximum annual growth rate of 8%, for 2 times). Similarly, the PWT series estimates for GDP per capita growth rates for India are centered between 4% and 5% compared to 8% and 9% for China.
Period-wise average GDP growth rates show the similar pattern of China registering a higher average than India in each sub-period. But what is 
interesting to see is the difference in their average growth rates. While the Indian average growth rates have been increasing, Chinese average growth rates have been almost same. Panel C shows that India is "catching up" with China in average GDP growth rate. The trends in output-per-worker growth rates (panel D) point to same pattern. Chinese growth rates have been consistently higher than Indian. But the growth rates have been growing at faster pace in India as shown by more steep curve compared to relatively flatter Chinese growth rate trends. Period between late 80s and early 90s shows something interesting. The output-per-worker growth started increasing at the faster rate in China while for India the growth rate became stagnant. In late 90s Indian output-perworker growth rate started increasing again, while Chinese growth rates remained almost constant.
Using a depreciation rate of 4%, I calculate the capital stock for both countries using Gross Fixed Capital Formation and Change in Inventory Stock series. I take initial capital stock (K 0 ) as 1.5 times the GDP. Calculated capital stock series for India and China and their growth rates are plotted in figure 3 . I also calculate Capital-Output and Capital-per-Worker ratios for both the economies. Using the Cobb-Douglas kind of production function, I use following two decompositions to get productivity estimates for each economy.
Notice that A in equation 1 represents the Total Factor Productivity of the aggregate economy, while in equation 2 the residual A is a measure of Labor Productivity. Period-wise the trends are similar in both decompositions. The growth rate trends in China seem to flatten out between [1984] [1985] [1986] [1987] [1988] [1989] [1990] . For India, the flat period is almost the whole decade of 90s. Since these are the trends in growth rates, hence constant (positive value) still means that the productivity was growing during this period.
These growth rate trends are compared in figures 5. Growth rates (smoothed) of both K L and K Y are higher for China and Chinese productivity grew at a higher rate than Indian. Table 1 shows the period-wise averages of each of these growth rates.
Even though the output-per-worker growth rate for China is more than double that of India, India is catching up in the sense that this difference declines over time. The same is true for productivity growth rates. But rate Table 1 : Period-wise Average Growth Rates Comparison of increase in productivity growth rates is higher for India (between last two sub-periods this increase is around 27% compared to just 7% for China).
Difference in prices
In growth accounting prices usually do not matter much since constant price series can be generated by pricing the output at some base year prices. But as I have mentioned in previous section, for Chinese GDP data there are some arguments about the deflator used in the official statistics. The other issue is that of "International Comparison". Prices become important when comparing the output across countries. World Bank ICP (2005) [?] mentions that PPP based method give different results from exchange rate based methods. Theoretically these differences should not matter much when considering the growth rates of the variables. But to be more precise, we should price each year's output of both the countries at the base year prices of one of the countries. In this section I do this by generating two hypothetical output series: Indian GDP at Chinese prices (deflator) and Chinese GDP at Indian prices (deflator). Figure 6 shows the GDP deflator index for both the countries along with the trend (HP Filtered series) in inflation rate of GDP deflator. Between 1978-2005 (with deflator in 1978=100) Indian GDP deflator index grew to 770 while Chinese deflator index grew only to 420. The inflation trends in these two countries are also interesting. GDP deflator inflation in India has been going down, while in China it actually started going up and then reached the peak in mid 90s before coming back down to average around 3%. In 80s the average inflation rate of GDP deflator in India was 9.5% ,but India managed to slowly reduce that and in the last five years it averaged 3.5%.
Similarly I generate the Output deflator indexes for each sector. What would have happened, had Indian prices (GDP deflator) evolved in the same way as Chinese but still producing the actual value of the output i.e. current GDP? Figure 8 shows the trends in GDP growth rates and Outputper-worker growth rates for this scenario (panel A and panel B). The results for the opposite scenario (China experiencing same deflator as India) are plotted in panel C and panel D.
In early period, India's GDP growth rate and Output-per-worker growth rate estimates would have been higher than those of China if using Chinese deflator. This is because India's GDP deflator inflation was way more than China's average GDP growth rate exceeded that of India by 78%, but if the same deflator is used for both the countries then this difference reduces to 22% to 36%. For sub-period 1979-1985, the difference reverses sign i.e. Indian average growth rates for this period are higher than Chinese average growth rates when both are evaluated using same deflator series. This analysis of hypothetical series and their growth rates should not be treated as indicative of economic growth potential i.e. it is wrong to conclude that India would have grown at much faster rate, had it managed its prices like China. This is about accuracy of price gathering and index calculation. If India overestimated its GDP inflation and its prices in fact moved more like Chinese prices, then Indian economy's growth rate was much faster than usually estimated. Similarly, if China underestimated its GDP inflation then its actual growth rates were lower.
With Human Capital
In this section I add human capital as one of the inputs and do the growth accounting using following production function. for India and China from international database on educational attainment 5 The data for missing years was generated using linear extrapolation. 
The growth rate of Human-capital per worker is plotted in figure 9 along with comparison of trends in productivity growth rates for the two countries.
As shown in panel B, India has a higher percentage of population with some post-secondary education than China throughout the entire time period. But China's enrollment in secondary education is better than India's. But percentage of population (ages 15 and above) with No-Schooling is much higher in India (panel A). In China this percentage went from 40% in 1975 to 18% in 2000, a drop of more than 50%. But in India the reduction was only 30% during the same period, going down from 63% to 44%.
Panel C shows the rate of growth in H L . China's human-capital per worker growth rate was below that of in India in early 80s, but it overtook Indian rate reaching a peak around 1990. But it has been going down since 1995, while India's human-capital per worker growth rate has been steady at around 0.7% per year. As a result the estimated difference in human-capital per worker The results of productivity growth rate calculations are shown in panel D. These trends are similar to previous ones. Chinese productivity growth being comparatively flatter in mid-80s and then increasing for a while in mid-90s, while Indian productivity growth is flatter for whole of the 90s but becoming quite steep after late 90s. The calculated values of these growth rates are shown in table 3 The reason for India's human-capital per worker growth being higher than China despite its poor performance in reducing illiteracy (No-Schooling percentage) is its better higher education (post-secondary) growth. As a result the estimates for average year of schooling in population over 15 years of age increased in India by 54.7% between 1980 and 2000 compared to 33.4% increase in China. Like earlier I also analyze the differences in output deflator and generate hypothetical series (and their growth rates), in case one deflator series is more likely to be accurate than the other. I start by calculating the output growth rates for each of the three sectors for India and China. The distribution of growth rates is plotted in figure 10 .
In manufacturing and service sectors, growth rates in China are distributed towards right (higher mean) compared to India. In agriculture sector, Indian has experienced have varying growth rates. India's service sector has been quite consistent registering annual growth of 6% and 7% for 8 years and 6 years respectively.
Another interesting pattern to notice is that of growth of output growthrates in India and China, as shown in panel A and B of figure 11. Chinese growth rates have went up and then came down for Manufacturing and Services sector. These are almost at the same level (or below) in 2005 as in 1978. But Indian growth rates show overall upward movements during this period.
The other difference between growth experience of these countries is the relative importance of Manufacturing and Services. For India, Service sector Moreover Service sector's average growth rate in India has been increasing with time. For China, in first sub-period (1979-85) Service sector grew at fastest pace while Manufacturing sector takes lead in all sub-periods after that. The average growth rates have remained somewhat constant for China. Table 4 shows these average sector-wise growth rates. For India, the average growth rate of Manufacturing sector has increased 40% between first and last sub-periods. This increase is for Service sector is 51%. For China these numbers are near zero and negative. As mentioned earlier, these numbers depend on choice of sub-periods. So the numbers should be taken just as an indication of increasing growth rates in India and constant growth rates in China.
Deflators
As shown in figure 7 , the movement of sector-wise deflators is not similar for India and China. Given the concerns about measurement errors and lack of information (in case of China), I again compute hypothetical series for each sector by deflating sector outputs by other country's deflator for that sector. Table 5 shows the period-wise average growth rates for these two hypothetical series. Trends in growth rates of these series are compared with actual sector-wise growth rate trends in figure 12 .
As with the GDP, trends in sector-wise growth rates also differ a lot because of differences in deflator inflation over time. All three sectors follow the same pattern over different periods. In early periods the growth rate of sector-output for Manufacturing and Services in India is higher than that in China when evaluated using Indian deflator or using Chinese deflator for both countries. This is because Indian deflator inflation is much higher compared to China in these periods. In 1979 the deflator inflation for agriculture, manufacturing and services for India is 18.6%, 18.2% and 9.9% respectively, while for China these values are 16.5%, 1.3% and -6.6%. After mid-80s China has higher growth rates in each of the sector than India even when using the same deflators for both countries.
For Agriculture sector, even when using same deflators Chinese growth Comparing results in tables 5 and 4, we see that the difference in average Agriculture growth rates over the entire period reduces from 1.7% annually to 0.9% (when using Chinese deflator) and 1.3% (Indian deflator). For manufacturing the average growth rate difference goes down from 5.6% to 1.7% and 1.9%, which is a reduction of 66% to 70%. But even when using the same deflators for both countries in Service sector, 60% of average growth rate differences remain.
Correlation Comparison
In this section, I look for differences and similarities in relationships between economic time-series for India and China. I check for correlation between probable-cause of economic growth series and indicator of economic growth series. I use following series for later: Output, Output-per-Worker, Produc-tivity, Agriculture-output, Manufacturing-output and Services-output along with their growth rates, trends in these growth rates and deviation from trends. Three of the most discussed causes are Trade, Governance and Production Technology.
I generate growth rate of cause-series, trend in growth rates and deviation from that trend and then find the correlations with all of these. Hence I end up getting a 4x4 matrix for each X, Y pair for each country. This setup gives more detailed look at the relationships between these variables. X can be linearly related to Y (as represented by the correlation coefficient) in levels, or in growth rates or any of the 16 combinations possible.
Detailed results are shown in appendix B. I discuss main highlights of results considering only value of greater than 0.5 as indication of somewhat strong relationship. I have included those results in table 6 .
Even though correlation is not sufficient to establish causality, it is necessary. Hence we can definitely find out which of the relationships do not exist in Indian and Chinese data.
Trade
I use series on import and export to proxy for trade. Imports include the machinery and that represent the technology improvement 7 , hence finding the separate correlations gives more insight than using combined trade volume series.
• Export level and trend in growth rates of export both are positively correlated with trend in GDP growth rates for India, but not for China.
• Export level is positively correlated with trend in growth rates of Outputper-worker and productivity for both China and India. But trends in growth rates of export is positively correlated with output-per-worker and productivity growth rate trend for India, but negatively for China (weakly for productivity).
• Level of export is negatively correlated with Agricultural output in China. This might be because of migration of worker from agriculture to export oriented manufacturing sector. But trend in export growth rates is positively related to trends in growth rate of agriculture output for both India and China. This correlation is stronger for India pointing towards presence of a long term relationship between export growth and agriculture output-growth.
7 The data on Foreign Direct Investment is only available for last few years
• Surprisingly the correlation between trends in growth rates of export and growth rates of manufacturing output is very weak in China (0.1) and 0.9 in India.
• For service sector, both India and China have positive correlation in trends of export growth rates and trends in output growth rates.
• Import is positively correlated with output-per-worker and productivity for both the countries, which agrees with the idea of imported capital embodying the developed technology.
• This correlation of import with output growth rate trend is very strong for Indian service sector.
• There is a sharp contrast in correlation of trend in import growth rate for India and China. For China the trend is negatively related to output-per-worker and productivity growth rate trends. For India the correlation becomes weak. So positive trend in growth of import does not have significant positive effect on productivity growth rate trend.
• Trends in growth rate of imports seem to be positively related to trends in growth rate of output of service and manufacturing sectors of China. For India these correlations are weak, except for the service sector.
Significant correlations of both import and export with trends in growth rate of output-per-worker and productivity for India and China support the conventional trade-growth link.
Governance
I use government deficit series; government spending on development series for India & government spending on capital creation series for China.
• Government deficit (and development spending) is strongly and positively related to growth trends in GDP, output-per-worker, productivity and service-sector output for India. This may point towards service sector responding very positively to government initiatives, while manufacturing and agriculture do not. The alternative explanation of spending bias towards service sector does not have merit, because most of the budgets have higher portion of government spending going towards Agriculture or Manufacturing compared to Services. ) growth and productivity growth trends.
• For India, trend in growth of government deficit and development spending strong and negative effect on growth rate trends of everything. This makes sense if increase in growth rate of government deficit harms the economy by creating problems in financial markets.
• But for China, the effect of growth trend in government spending on capital creation is strongly positive on (
) and productivity growth trends. This can be explained by increased growth rate of capital-perworker ratio.
• For China relationship with growth trends in agriculture sector and service sector output is strongly negative both with levels and trends in growth of spending.
One striking result is that the effect of early 1990's financial crisis in India can be seen in the opposite correlations of government deficit growth trends on growth trends of output-per-worker and productivity. While increased growth of spending on capital creation are accompanied by increase the growth rate of productivity in China, in India increased growth of development expenditure happens with decreased growth rate of productivity.
Production Technology
• Infrastructure industry index is strongly and positively related to trends in growth rates of GDP, output-per-worker, productivity and service sector output for India. The correlation is weak for agriculture, implying that infrastructure industry output does not effect the growth rate trends of agriculture output. These values also indicate that infrastructure affects the growth rates in service sector more than growth rates in manufacturing.
• Energy consumption is positively correlated with output-per-worker and productivity growth trends in China. This becomes intuitive if we assume that more power consumption means better technology (i.e. more capital intensive) or more use of existing machines leading to productivity growth.
Conclusion
Chinese economy has grown at much faster rate than Indian, but India seems to be catching up. The average estimated productivity growth rate of China (5.9%) is more than double that of India (2.4%). The difference between same-deflator average growth rates of India and China reduces significantly (by as much as 70%) for manufacturing sector. Both import and export are significant correlated of with trends in growth rate of output-per-worker and productivity for India and China pointing towards presence of conventional Trade-Growth link. While increased growth of spending are accompanied by increase the growth rate of productivity in China, in India the correlation is negative. For India, service sector growth trend is more strongly correlated with government spending and infrastructure. 
